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DESCRIPTION 

ACTIVATED CARBON SHEET MOLDING AND ELEMENT FOR FUEL 
EVAPORATIVE EMISSION PREVENTING DEVICE 
Technical Field 

The present invention relates to an activated carbon sheet 
molding and an element for a fuel evaporative emission^pre venting 
device. More specifically, the invention relates to an 
activated carbon sheet molding that is excellent in adsorption 
and desorption and preferable for preventing the evaporative 
emission of organic solvents , in particular, a liquid fuel such 
as gasoline, and an element for preventing the release of fuel 
evaporative emission from a fuel tank system or an intake system 
of a vehicle using the activated carbon sheet molding. 
Background Art 

Recently, concerns about the environment have increased 
and a great amount of attention is being paid to the prevention 
of evaporation of organic solvents and a liquid fuel such as 
gasoline. Fuel evaporation from a vehicle being parked is 
roughly divided depending on its production source into 
evaporation from a fuel tank system and evaporation from an 
intake system. Hereinafter, a fuel evaporative emission 
preventing device to prevent the release of fuel evaporative 
emission from a fuel tank system is referred to as a canister. 
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and an element to be used for a fuel evaporative emission 
preventing device for fuel vapor from an Intake system Is 
referred to as an engine air Intake element . 

Normally, fuel vapor to evaporate from a fuel tank system 
Is adsorbed and collected by an adsorbent housed In the canister . 
The canister was developed as a fuel evaporative emission 
preventing device to prevent the release of the liquid fuel 
vapor represented by gasoline generated from the fuel tank system , 
and so far many canisters have been developed and loaded and 
used in vehicles. As a fuel evaporation preventive material 
to be used in the canister, activated carbon is used in many 
canisters, and in the canisters, vapor evaporating from the 
liquid fuel such as gasoline from the fuel tank is adsorbed 
by activated carbon , and the adsorbed gasoline vapor is desorbed 
by the air suctioned when an engine is driven, and the desorbed 
gasoline vapor is guided into an engine intake manifold 
(hereinafter, abbreviated to intake manifold) and burned by 
the engine. 

Conventionally, to improve the performance of the 
canister, development of adsorbents excellent in adsorption 
and desorption of liquid fuel vapor and development of systems 
were made. As adsorbents, activated carbon such as coconut 
shell charcoal, wood coal, and coal, etc. , and molded charcoal 
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obtained by molding activated carbon were normally used, and 
for example, molded charcoal obtained by adding short fibers 
Into granular activated carbon and molding It by using an 
emulsion as a binder Is known (Patent Document 1). Modified 
activated carbon that was oxidized Is also known, and It Is 
described that this Is particularly effective for a mixed vapor 
of gasoline and alcohol ( Patent Document 2 ) . Furthermore , use 
of two kinds of activated carbons different In average filling 
density from each other for a fuel vapor collecting system has 
also been proposed (Patent Document 3). 

Patent Document 1 : Japanese Published Examined Patent 
Application No. S48-7194 

Patent Document 2: Japanese Published Examined Patent 
Application No. HOl- 52324 

Patent Document 3 : Japanese Published Examined Utility 
Model Application No. H05-17411 

As an example of an adsorbent developed by focusing on 
the pore size distribution of activated carbon, a fuel 
evaporation preventive material made of an activated carbon 
fiber having a specific pore size distribution has been disclosed 
(Patent Document 4). In addition, a method for producing an 
activated carbon that Improves the pore size distribution by 
adjusting the oxygen concentration during heat treatment has 
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been disclosed (Patent Document 5) , and as an exeunple developed 
by focusing on the hardness , an activated carbon having hardness 
without greatly reducing the pore size has been disclosed ( Patent 
Document 6). Furthermore, an activated carbon regulated by 
specific adsorption indicated by the butane working capacity 
and wear rate has been disclosed (Patent Document 7), and a 
molded activated carbon regulated by a crushing strength and 
a specific heat has been disclosed (Patent Document 8). 

Patent Document 4 : Japanese Published Examined Patent 
Application No. S61-55611 

Patent Document 5 : Japanese Published Unexamined Patent 
Application No. H06-127912 

Patent Document 6 : Japanese Published Unexamined Patent 
Application No. H04- 190846 

Patent Document 7 : Japanese Published Unexamined Patent 
Application No. 2000-313611 

Patent Document 8 : Japanese Published Unexamined Patent 
Application No. 2001-322872 

On the other hand, as an example developed in terms of 
the system, for excunple, canisters having an adsorbent formed 
by laminating a plurality of activated carbon sintered sheets 
so as to form spaces therein have been disclosed (Patent 
Documents 9 and 10). 
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Patent Document 9 : Japanese Published Unexamined Patent 
Application No. H04-265461 

Patent Document 10 : Japanese Published Unexamined Patent 
Application No. H07-269421 

When a vehicle Is parked for a long period of time , gasoline 
adsorbed by the adsorbent In the canister Is emitted to the 
atmosphere and pollutes the environment, and In particular. 
In the USA, evaporation from vehicle fuel Is strictly regulated. 
All over the USA, from 2004, vehicle fuel evaporation control 
regulations called Tier 2, and In California, called LEV II 
(Low Emission Vehicle II) are due to be enforced, and according 
to these new regulations , It Is required that the evaporative 
emission of the gasoline while parking for 72 hours, that Is, 
Diurnal Breathing Loss (DBL) Is reduced to a value remarkably 
lower than conventionally - 

Furthermore, the p^ZEV (Partial Zero Emission Vehicle) 
regulation requires a canister to satisfy an emission value 
of 5 through 15mg In general, and to realize this value, 
conventional activated carbons for canisters are not sufficient , 
and a canister with high performance has been demanded. 

However, the canisters described above were developed 
In view of adsorption and desorptlon of gasoline vapor In 
principal, and were not developed by considering the evaporative 
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emission of the gasoline from a vehicle being parked. 
Adsorption of fuel vapor Is realized by only Increasing the 
amount of activated carbon , however, this Increases the pressure 
drop, resulting In lengthening of the fuel feeding period. The 
Inventors developed as a fuel evaporative emission preventing 
device which Is applicable for such objects, a fuel vapor 
evaporative emission preventing device for a vehicle Including 
a second canister made of an activated carbon honeycomb by 
extrusion-molding connected after a canister using a granular 
activated carbon, and applied prlorly for a patent (Patent 
Document 11 ) • 

Patent Document 11 : Japanese Published Unexamined Patent 
Application No. HlO- 37812 

In addition , recently , a canister Including a combination 
of an adsorbent with adsorption capacity more than 35 g/L (liter) 
of n- butane In the n-butane concentration range of 5 percent 
by volume through 50 percent by volume at 25®C, and an adsorbent 
with adsorption capacity of 35 g/L or less of n-butane (Patent 
Document 12) . 

Patent Document 12: US Patent No. 6540815 

The canisters disclosed In Patent Documents 11 and 12 
are Introduced as being capable of restraining the leak amount 
of the evaporative emission of the gasoline even when a vehicle 
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is parked for a long period of time by connecting the second 
canister after the canister using granular activated carbon, 
and in these patent documents , use of honeycomb- shaped activated 
carbon as a second canister has been disclosed. However, the 
honeycomb molding described in Patent Document 11 is produced 
by extrusion-molding, and this is easily broken. Use of a 
honeycomb is also described in Patent Document 12, however, 
it is made of ceramic and easily broken although its pressure 
drop is low. In recent years, strength against vibrations has 
been strongly demanded in view of loading in a vehicle, and 
the problem in strength of the conventional activated carbon 
honeycombs has been pointed out. 

On the other hand, even when fuel vapor from an intake 
system is adsorbed, the adsorption method using activated carbon 
as an adsorbent is effective, and an adsorbent is set and used 
in the middle of the intake manifold or near an air filter as 
a combustion air inlet. A large amount of air passes through 
the intake manifold at a high speed, and therefore, in the case 
of development of a fuel evaporative emission preventing device 
in such an intake system, as an engine air intake element to 
be used (hereinafter, abbreviated to air intake element) , the 
lower pressure drop than that of the canister is required. 

As the air intake element, for example, use of a monolith 
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with a honeycomb structure obtained by, for example, mixing 
activated carbon and a ceraunlc substance and extrusion-molding 
and calcining these as an adsorptive filter for removing volatile 
organic compounds from the air Intake system of a vehicle engine 
has been disclosed (Patent Document 13), and use of a phenol 
resin and cellulose fibers, etc. , which have been mixed, extruded 
into a honeycomb , and then carbonized and activated, for removal 
of volatile organic compounds, has been disclosed (Patent 
Document 14). However, these honeycomb moldings are easily 
broken although their pressure drop is low, so that the problem 
in strength against vibrations has also been pointed out as 
in the case of the canisters in view of loading in a vehicle. 
Patent Document 13: US Patent No. 5914294 
Patent Document 14: US Patent No. 5820967 
Disclosure of Invention 
Problems to be Solved by the Invention 

For use in the second canister and the air Intake element, 
not only a reduction in the leak amount of the gasoline vapor 
but also low pressure drop and excellent moldability and 
strength are required. Therefore, an object of the Invention 
is to provide an activated carbon sheet molding that can reduce 
the leak amount of fuel vapor and has low pressure drop and 
excellent moldability and strength and a method for producing 
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this , and to provide an element for a fuel evaporative emission 
preventing device for preventing the release of the fuel 
evaporative emission from a fuel tank system and an Intake 
system by using said activated carbon sheet molding. 
Means for Solving the Problems 

In order to achieve the objects, the Inventors repeated 
studies earnestly, found that the object could be achieved by 
an activated carbon sheet molding made of activated carbon 
satisfying specific n -butane adsorption capacity, and arrived 
at this Invention. Namely, according to a first aspect of the 
Invention, an activated carbon sheet molding Is provided which 
Is made of activated carbon satisfying b/a =0.3 through 0.55 
when a 100% -concentration n-butane adsorbing amount per 100 
parts by weight of activated carbon at 40°C Is defined as a 
parts by weight and a 1% -concent ralon n-butane adsorbing amount 
Is defined as b parts by weight. 

According to a second aspect of the Invention, an element 
for a fuel evaporative emission preventing device using the 
activated carbon sheet molding Is provided. 
Effects of the Invention 

The activated carbon sheet molding according to the 
invention is preferably molded into a honeycomb shape, and 
preferably used as a canister in combination with a granular 
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activated carbon. In addition, preferably, by setting the 
honeycomb -shaped molding near an air filter for an engine and 
using It as an engine air Intake element , gasoline vapor 
generated from an Intake system can be prevented from releasing 
of the fuel evaporative emission. 
Best Mode for Carrying Out the Invention 

According to the first aspect of the Invention, It Is 
required that activated carbon forming the activated carbon 
sheet molding satisfies a specific n-butane adsorbing amount. 
Namely, the range of b/a = 0.3 through 0.55 must be satisfied 
provided that an n-butane adsorbing amount per 100 parts by 
weight of the activated carbon Is defined as a parts by weight 
when n-butane with 100% concentration Is adsorbed by the 
activated carbon at 40°C, and a n-butane adsorbing amount per 
100 parts by weight of the activated carbon Is defined as b 
parts by weight when n-butane with 1% concentration Is adsorbed. 
If b/a Is less than 0.3, the adsorption capacity In a 
low-concentration region of fuel vapor of gasoline or the like 
becomes small , and If b/a exceeds 0.55, desorptlon of fuel vapor 
of gasoline or the like deteriorates . 

The n-butane adsorbing amount a Is determined by putting 
lOg of activated carbon In a glass column, circulating 
100% -concentration n-butane at 1 L/min until it reaches 
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egulllbrliam, and measuring the n -butane adsorbed amount In 
weight. The n-butane adsorbing amount b Is determined by 
putting lOg of activated carbon In a glass column, circulating 
1%-concentratlon n-butane obtained by diluting 
100% -concentration n-butane with air at 1 L/mln until It reaches 
equilibrium, and measuring the adsorbed n-butane In weight. 
The value of b/a of the activated carbon forming the activated 
carbon sheet molding of the Invention Is 0.3 through 0.55. 

The DBL regulation In California Is set In the condition 
of 40 . 8^C , and evaporation of liquid fuel such as gasoline occurs 
In a biased manner to the region of 35°C or more, so that adsorption 
capacity at 40°C is set as a reference in the invention. The 
n-butane adsorbing amount Is measured based on the ASTM-D5228, 
and generally, a higher adsorbing eunount is excellent as 
adsorption capacity, however, the invention is characterized 
by finding that an activated carbon sheet molding made of 
activated carbon satisfying a specific relationship between 
a 100% -concentration n-butane adsorbing amount and a 
1%-concentration n-butane adsorbing amount shows excellent 
effects in prevention of the evaporative emission of the liquid 
fuel such as gasoline, in particular, in the leak amount of 
the evaporative emission of the gasoline restraining when a 
vehicle is parked for a long period of time. 
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The carbonaceous material to become a raw material of 
activated carbon to be used In the Invention Is not especially 
limited as long as It forms activated carbon by being activated 
and satisfies the above -described relationship of the n-butane 
adsorbing amounts, and Is widely selected among plant-based 
and mineral -based materials, natural materials , and synthetic 
materials . In detail , as a plant -based carbonaceous material , 
wood, charcoal, and fruit shells such as coconut shells are 
available. As a mineral-based carbonaceous material, 
petroleum-based and/or charcoal -based pitches, and coke are 
available . As a natural material , natural fibers such as cotton , 
hemp, etc., regenerated fibers such as rayon, viscous rayon, 
etc. , semisynthetic fibers such as acetate, triacetate, etc. , 
are available. As a synthetic material, a polyamlde -based 
material such as nylon, a polyvinyl alcohol-based material such 
as vlnylon, a polyacrylonltrll- based material such as acryl, 
a polyolef In-based material such as polyethylene, 
polypropylene, etc., polyure thane , a phenol-based resin, and 
a vinyl chloride-based resin are available. 

The shapes of the carbonaceous material and the activated 
carbon obtained through activation are not especially limited, 
and various shapes such as granular, powdery, fiber, and 
sheet -like shapes can be used. As the fiber- like or sheet -like 
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carbonaceous material, woven fabric, nonwoven fabric, a film, 
felt, and a sheet-like material of natural cellulose fibers 
such as cotton, regenerated cellulose fibers such as viscous 
rayon and polynosic rayon, etc. , pulp fibers , polyvinyl alcohol 
fibers, ethylene vinylalcohol fibers, and phenol fibers, etc. , 
are available. 

The carbonaceous material becomes activated carbon by 
being carbonized and activated, and as carbonizing conditions , 
for example, conditions in that the carbonaceous material is 
treated at SOO^'C or more while supplying a slight amount of 
inert gas to, for example, a batch-wise rotary kiln, can be 
employed. As an activation method, any method such as gas 
activation and chemical activation can be used. As a gas to 
be used in the gas activation method, stecun, carbon dioxide 
gas, oxygen, LPG exhaust combustion gas, and a mixture gas of 
these, etc., are available. The temperature for activating 
these is employed normally by raising in temperature 300®C 
through 1200®C, and preferably 900*^0. 

As a chemical to be used in the chemical activation method , 
acids such as sulfuric acid, phosphoric acid, nitric acid, etc. , 
metal hydroxides such as sodium hydroxide , potassium hydroxide , 
cesium hydroxide , calcium hydroxide , and magnesium hydroxide , 
etc., and metal chlorides such as calcium chloride and zinc 
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chloride, etc - , are available. The temperature for activating 
these is normally in the range between 30°C and 800®C although 
it depends on the chemical agents to be used. 

Activated carbon is molded into various shapes such as 
a plate shape, single-layer or multi-layer polygonal shape, 
columnar shape, honeycomb shape, or pleat shape by the known 
dry method or wet method, processed into an activated carbon 
sheet molding, and preferably used as an element for a fuel 
evaporative emission preventing device. As such an element 
for a fuel evaporative emission preventing device, there is 
a second canister to be used in a fuel tank system in combination 
with granular activated carbon, and an air intake element to 
be used in an intake system by being set in an air intake manifold . 
An activated carbon sheet molding to be used in a second canister 
is obtained by dry or wet molding granular or powdery activated 
carbon of 0.005mm through 5mm. 

As a dry molding method, it is possible that 1 through 
50 parts by weight, preferably 2 through 25 parts by weight 
of a binder is sufficiently mixed with 100 parts by weight of 
granular or powdery activated carbon and compressed and molded 
by using a mold. As a binder, polyethylene, polypropylene, 
acrylonitril butadiene styrene resin, polyester resins such 
as PET, and PBT, etc., thermoplastic resins such as nylon. 
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ethylene acryl resin, andPMMA, etc. , thermosetting resins such 
as furan resin and phenol resin, etc. , hydrophilic resins such 
as polyvinyl alcohol resin and eval resin, tar, and pitch are 
available . 

The activated carbon sheet molding of the invention is 
preferably molded by the wet method in order to produce a thin 
molding. Namely, the activated carbon sheet molding of the 
invention is produced by preparing a sheet by, preferably, a 
wet method and molding it. In detail, a sheet is produced by 
the wet method by using an emulsion mainly containing activated 
carbon with a grain dicimeter of 1 through 100 micrometers, a 
latex, carboxymethyl cellulose (CMC) , and water, and the sheet 
is dried and molded into an activated carbon sheet molding of 
the invention. 

As a latex, for example, vinyl acetate emulsion, vinyl 
acetate-ethylene copolymer emulsion, polybutadiene emulsion, 
and polyvinyl chloride emulsion, etc. , are available. The CMC 
is not especially limited, however, preferably, its 
etherif ication degree is 0.5 through 1.0, average 
polymerization degree is 400 through 2000, and molecular weight 
is 80,000 through 500,000. 

The emulsion mixing ratio is not especially limited, 
however, for practical use , in terms of weight ratios , 20 through 
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30 of activated carbon, 35 through 60 of water ^ 10 through 25 
of latex, and 10 through 20 of 3% CMC solution are mixed. The 
mixture is impregnated with or carried on a sheet -like base 
material such as polyester nonwoven fabric or the like and molded 
into an activated carbon sheet. The thickness of the sheet 
is not especially limited, however, if it is excessively thick, 
it deteriorates the moldability and increases ventilation 
resistance , resulting in difficulty in production of fine cells , 
and if it is excessively thin, it lowers strength, so that for 
practical use, a sheet having a mass per unit area of 50 through 
500 g/m^ and a thickness of 0.1mm through 2.0mm are used. 

As the sheet -like molding, an activated carbon paper 
molding obtained by molding activated carbon paper produced 
by papermaking is more preferably used. Namely, the activated 
carbon sheet of the invention is also preferably produced by 
a papermaking method. In detail, an activated carbon sheet 
(paper) is obtained through papermaking of a slurry- like 
material obtained by adding 5000 through 10000 parts by weight 
of water to 100 parts by weight of a mixture made of 40 through 
75 weight percent of activated carbon powder with a grain 
diameter of 1 through 100 micrometers and 25 through 60 weight 
percent of a binder. According to the papermaking method, 
further thinner sheets can be produced, and are used in the 
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mass per uiilt area of 50 through 200 g/m^ and a thickness of 
0 . 0 Smm through 1 . Onun . 

As a binder, pulp, polyvinyl alcohol-based binders, 
polyolef In-based binders such as polyethylene and 
polypropylene, etc,, polyester-based binders such as 
polyethylene terephthalate and polybutylene terephthalate , 
etc . , and heat adhesive binders with a core -in -sheath form using 
polyester as a core and polyethylene as a sheath are available. 
A small cunount of fire retardant for improving fire retardation 
and other third components can be added as appropriate. 

As the activated carbon sheet molding , an activated carbon 
honeycomb molding molded into a honeycomb shape is more 
preferable. As the activated carbon honeycomb molding, a 
polygonal honeycomb as shown in Fig . 1 and a corrugated honeycomb 
as shown in Fig. 2 are illustrated. The polygonal honeycomb 
is molded by the dry molding by using, for exeunple, a mold, 
or the activated carbon sheet molding is formed into a desired 
shape in advance with a roller, and then formed into a polygonal 
shape by using an adhesive and housed in an activated carbon 
sheet case, or the activated carbon sheet is wound, or the like. 

The corrugated honeycomb is also formed in advance into 
a desired shape and bonded to an activated carbon sheet which 
forms a base material. The honeycomb shape is preferably a 
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corrugated honeycomb In terms of easiness In molding. Fig. 
3 Is a combination of a multi-step corrugated honeycomb of Fig. 
2 . The cell density In the activated carbon honeycomb molding 
obtained by molding the activated carbon sheet molding Into 
a honeycomb shape Is properly determined by considering the 
relationship with the length of the activated carbon honeycomb 
molding since an excessively high cell density requires labor 
In production and Increases pressure drop although adsorption 
and desorptlon of fuel vapor are excellent. 

The activated carbon sheet molding of the Invention shows 
an effect of restraining the leak amount of gasoline vapor when 
a vehicle Is parked for a period of time. According to the 
second aspect of the Invention, preferably, the sheet molding 
Is molded Into a honeycomb and preferably used as an element 
for a fuel evaporative emission preventing device such as a 
second canister or an engine air Intake element. In detail, 
the molding Is joined to a canister that has a section filled 
with an adsorbent to be connected to a fuel tank system and 
used as a second canister . The section may consist of a plurality 
of sections such as a section made of granular activated carbon 
excellent In adsorption capacity and a section made of activated 
carbon excellent in adsorption of low-concentration gasoline 
vapor. Or, the molding is set as an engine air Intake element 
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near an air filter for an engine and adsorbs and desorbs fuel 
vapor generated from the engine. 

The activated carbon sheet molding of the Invention Is 
also excellent In strength against vibrations, and If It Is 
naturally dropped on a floor made of concrete from a distance 
of 1 meter. It Is not damaged at all, so that the activated 
carbon sheet molding Is remarkably different from a cereunlc-made 
molding In such a point. In addition, the pressure drop was 
measured by flowing air at a linear velocity of 1 m/sec at a 
normal temperature, and as a result, the pressure drop of the 
activated carbon sheet molding of the Invention is as low as 
being less than lOPa. 

Fig. 4 Is a conceptual diagram when the activated carbon 
sheet molding of the Invention Is used as a second canister. 
In the figure, the reference numeral 1 denotes a canister, 2 
denotes a breathable supporter, 3 denotes a separation wall, 
4 denotes a purging connect hole, 5 denotes a connect hole on 
the fuel tank side, 6 denotes a vent hole, 7 denotes activated 
carbon that Is granular or the like and excellent In adsorption 
of high-concentration gasoline, and 8 and 9 denote activated 
carbon paper moldings molded Into honeycombs excellent In 
adsorption of low-concentration gasoline . The arrows indicate 
the moving directions of gasoline vapor during parking. 
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When the molding Is used In an air Intake element. It 
Is set on an air Intake manifold that Is an Intake vent of the 
engine on the rear of the air filter. Fig. 5 Is a conceptual 
diagram when the activated carbon molding molded Into a honeycomb 
or corrugated shape of the Invention Is used for an air Intake 
element. The arrows Indicate the passing directions of 
gasoline vapor during parking. The reference numeral 10 
denotes an air filter, 11 denotes an air Intake manifold, 12 
denotes an activated carbon sheet molding molded Into a honeycomb, 
and 13 denotes an engine room. Hereinafter, the Invention Is 
described In more detail based on exeimples, however, the 
Invention should not be limited to these. 

Example 1 

1kg of a raw material obtained by crushing and sieving 
coconut shell charcoal Into 8 through 16 meshes was put In a 
batch-wise rotary kiln with a capacity of 10 liters, raised 
In temperature to 900''C while flowing a slight amount of nitrogen 
gas, and then activated by Introducing carbon dioxide gas at 
5 L/mln as an activation gas. After 12 hours, the Introduction 
of carbon dioxide gas was stopped, and the material was cooled 
and taken out . The benzene adsorption capacity of the activated 
material was measured as 57.0%. 

The activated carbon obtained was crushed by a ball mill 
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to a central grain diameter of 50 micrometers, and mixed with 
pulp and the polyvinyl alcohol (PVA) -based binder KURALON 
VPB107-1 made by KURARAY CO. ,LTD. , and for Improvement In fire 
retardancy, a PVA-based binder KURALON VPX203 made by KURARAY 
CO. ,LTD. at the weight percentages of activated carbon / pulp 
/ VPB / VPX =60/20/10/10, and to 100 parts by weight 
of the obtained mixture, 4000 parts by weight of water was added 
and mixed, the obtained slurry material was paper-made Into 
an activated carbon paper molding . The molding was molded Into 
a corrugated shape, whereby the corrugated honeycomb molding 
shown In Fig. 2 was obtained. The molding was naturally dropped 
on a floor made of concrete from a height of Im, however. It 
was neither broken nor deformed. 

2200CC of the activated carbon 3GX (packing density: 
0.34g/cc, BWC (ASTM, D5228-92): 15.1 dL, b/a value: 0.25) made 
by KURARAY CHEMICAL CO. ,LTD. was used as the activated carbon 

7 of Fig. 4, 500CC of the activated carbon 2GK-C3 (packing 
density: 0.36g/cc, BWC (ASTM): 10.3g/dL, b/a value: 0.26) made 
by KURARAY CHEMICAL CO. ,LTD. was used as the activated carbon 

8 , and the corrugated honeycomb molding formed to have a section 
of 27mm X 27mm, a length 100mm, andacapaclty of 73cc was Indicated 
by the numeral 9 and used at a cell density of 190 cpsl (cell 
number per 1 Inch), and a DBL test was conducted. 
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The DBL test was conducted based on R.S. Williams, C.R. 
Clontz, et. al., "Impact and Control of Canister Bleed 
Emissions, " SAE Technical Paper 2001-01-0733. The results are 
shown in Table 1 . 

For reference, the value (g) of gasoline working capacity 
(GWC) is also shown, andGWC is a standard of gasoline adsorption 
and desorption performance in the activated carbon canister 
by the method using gasoline vapor instead of butane in BWC. 
Hereinafter, the method of calculating the GWC value is briefly 
described. After a certified fuel with RVP (Raid Vapor 
Pressure) of 9.0 PSI is raised in temperature to 38°C, air is 
introduced at 200 mL/min, and gasoline vapor is generated by 
bubbling (generation amount: approximately 40g/h) . The 
generated gasoline vapor is made to pass through the canister 
and its output concentration is measured by means of FID gas 
chromatography, and the timing of reaching SOOOppm is set as 
a breakpoint. Purging is started within 10 minutes after 
breaking down, and dry air of 400 times of the capacity of the 
canister was made to pass at 15 L/min, whereby gasoline is 
desorbed . This cycle is repeated 10 times , and from the averages 
of the adsorbed amounts and desorbed amounts of the last three 
cycles, the GWC value is calculated. 

Example 2 
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Activation was performed In the same manner as In Example 
1 except that 4 g/mln of water (corresponding to 6.8 L/mln In 
terms of lOO^C steam) was used as an activation gas. After 10 
hours. Introduction of steam was stopped, and after cooling 
to a normal temperature while supplying a slight amount of 
nitrogen, the activated material was taken out. The benzene 
adsorption capacity of the activated material was measured as 
60.5%. 

The activated carbon obtained was crushed by a ball mill 
to a central grain diameter of 50 micrometers, and paper-made 
by the wet method in the same manner as In Exconple 1 , and then 
molded Into a corrugated shape , whereby a corrugated honeycomb 
molding was obtained. This molding was naturally dropped on 
a floor made of concrete from a height of Im, however. It was 
neither broken nor deformed. 

As In the case of Example 1 , by using the activated carbon 
3GX made by KURARAY CHEMICAL CO. ,LTD. as the activated carbon 
7 of Fig. 4, using the activated carbon 2GK-C3 made by KURARAY 
CHEMICAL CO., LTD. as the activated carbon 8, and using the 
corrugated honeycomb molding as the reference numeral 9 , a DBL 
test was conducted. The results are shown In Table 1. 

Example 3 

1kg of a raw material obtained by crushing Australian 
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lignite Into 8 through 16 meshes, sieving and carbonizing It 
In advance In a nitrogen gas at 600°C was put In a rotary kiln 
that was similar to one used In Example 1, and raised In 
temperature to 900^C while a slight amount of nitrogen gas was 
supplied, and then activated by Introducing carbon dioxide gas 
as an activation gas at 5 L/mln. After 12 hours. Introduction 
of the carbon dioxide gas was stopped, and the material was 
cooled and tsdcen out. The benzene adsorption capacity of the 
activated material was measured as 37.0%. 

The activated carbon obtained was crushed with a ball 
mill to a central grain diameter of 50 micrometers, paper-made 
by the wet method In the same manner as In Example 1 , and then 
molded Into a corrugated shape, whereby a corrugated honeycomb 
molding was obtained. This molding was naturally dropped on 
a floor made of concrete from a height of Im, however. It was 
neither broken nor deformed. In the seune manner as In Example 
1 , by using the activated carbon 3GX made by KURARAY CHEMICAL 
CO . , LTD . as the activated carbon 7 of Fig . 4 , using the activated 
carbon 2GK-C3 made by KURARAY CHEMICAL CO . , LTD . as the activated 
carbon 8, and using the corrugated molding as the reference 
numeral 9, a DBL test was conducted. The results are shown 
In Table 1 . 

Comparative example 1 
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Activation was performed In the same manner as In Exeunple 
2 except that a commercially available charcoal was used, and 
after 12 hours. Introduction of carbon dioxide gas was stopped 
and the material was cooled and taken out. The benzene 
adsorption capacity of the activated material was measured as 
29.2%. 

The activated carbon obtained was crushed with a ball 
mill to a central grain diameter of 50 micrometers, paper-made 
by the wet method In the seime manner as In Example 1, and thereafter , 
molded Into a corrugated shape , whereby a corrugated honeycomb 
molding was obtained. In the same manner as In Example 1, by 
using the activated carbon 3GX made by KURARAY CHEMICAL CO . , LTD . 
as the activated carbon 7 of Fig. 4, using the activated carbon 
2GK-C3 made by KURARAY CHEMICAL CO . , LTD . as the activated carbon 
8, and using the corrugated honeycomb molding as the reference 
numeral 9, a DBL test was conducted. The results are shown 
In Table 1. 

Comparative example 2 

1 . 5 liters of concentrated phosphoric acid solution was 
added to and Impregnated In 1kg of a scob of pine or the like 
and mellowed for a whole day and night. Then, It was put In 
a rotary kiln similar to that of Example 1 , raised In temperature 
from a normal temperature to 600^C for three hour s while supplying 
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a slight amount of nitrogen, activated, and then cooled. The 
activated material was taken out , phosphoric acid was removed 
by washing the material with warm water, and then the material 
was dried. The benzene adsorption capacity after drying was 
56.3%. 

The activated carbon obtained was crushed with a ball 
mill to a central grain diameter of 50 micrometers, paper-made 
by the wet method In the same manner as In Exeunple 1 , and thereafter , 
molded into a corrugated shape , whereby a corrugated honeycomb 
molding was obtained. In the Scune manner as In Example 1, by 
using the activated carbon 3GX made by KURARAY CHEMICAL CO . , LTD . 
as the activated carbon 7 of Fig. 4, using the activated carbon 
2GK-C3 made by KURARAY CHEMICAL CO. , LTD . as the activated carbon 
8,. and using the corrugated honeycomb molding as the reference 
numeral 9, a DBL test was conducted. The results are shown 
in Table 1 . 

Comparative example 3 

1kg of a raw material obtained by crushing Chinese 
bituminous coal into 8 through 16 meshes , sieving and carbonizing 
it in advance at 600®C in a nitrogen gas, was put In a rotary 
kiln similar to that of Excunple 1 and raised in temperature 
to 900°C while supplying a slight amount of nitrogen gas, and 
then activated by introducing water as an activation gas at 
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4 g/mln (corresponding to 6.8 L/m±n In terms of 100°C steam). 
After 12 hours, introduction of steam was stopped, and the 
material was cooled and taken out. The benzene adsorption 
capacity of the activated material was measured as 39.2%. 

The activated carbon obtained was crushed by a ball mill 
to a central grain diameter of 50 micrometers, and paper-made 
by the wet method in the same manner as in Example 1 , and then 
molded into a corrugated shape , whereby a corrugated honeycomb 
molding was obtained. As in the case of Example 1, by using 
the activated carbon 3GX made by KURAR AY CHEMICAL CO. ,LTD. as 
the activated carbon 7 of Fig. 4, using the activated carbon 
2GK-C3 made by KURARAY CHEMICAL as the activated carbon 8, and 
using the corrugated honeycomb molding as the reference numeral 
9, a DBL test was conducted. The results are shown in Table 
1. 

Comparative example 4 

A DBL test was conducted in the case where the activated 
carbon 3GX made by KURARAY CHEMICAL CO. ,LTD. was used as the 
activated carbon 7 of Fig. 4, the activated carbon 2GK-C3 made 
by KURARAY CHEMICAL CO. ,LTD. was used as the activated carbon 
8, and the location of 9 was blank. The results are shown in 
Table 1. 

Example 4 
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A total of 2700CC of the activated carbon 3GX made by 
KURARAY CEHMICAL was filled as the activated carbons 7 and 8 
of Fig. 4. By using the same corrugated honeycomb molding 9 
as in Example 1 as the corrugated honeycomb molding, a DBL test 
was conducted. The results are shown in Table 1. 

Comparative example 5 

A corrugated honeycomb molding was formed in the same 
manner as in Example 1 except that the introduction of carbon 
dioxide gas was stopped after 6 hours. The benzene adsorption 
capacity was 35.0%. The results are shown in Table 1. 

Comparative example 6 

A corrugated honeycomb molding was formed in the same 
manner as in Example 2 except that the introduction of steam 
was stopped after 18 hours. The benzene adsorption capacity 
was 85.0%. The results are shown in Table 1. 
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[Table 1] 





Activated 
carbon 7 


Volume 
of 7 

(cc) 


Activated 
caxtKm 8 


Volume 
of 8 

(cc) 


Activated carbon 9 

Carbonaceous material / 
Activator 


Volume 
of 9 
<oc) 


Adsorbing 
amount %rtt 


b/a 


DBL 

(mg-but 
ane) 


GUC 


Suitability 


test 


(a) 


1V/V% 
(b) 


Ry ample 1 


3GX 


2200 


26K-C3 


500 


Cooonut Ahell/ carbon 
dioxide gas 


73 


42.5 


16.8 


0.395 


2.1 


200.1 


Suitable 


Not 

baralcen 


Example 2 


3GX 


2200 


2GK-C3 


500 


Cooonut shell/water 


73 


45.0 


16.0 


0.358 


1.4 


202.3 


Suitable 


Not 


Bicanq|)le 3 


3GX 


2200 


2GK-C3 


500 


Llgnlte/cazbon dioxide 
gas 


73 


25.1 


9.2 


0.367 


2.5 


200.4 


Suitable 


Not 
broken 


Ryaiiip1e4 


3GX 


2200 


3GX 


500 


Cooonut shell/carbon 

^<r<nf<<^f> gas 


73 


42.5 


16.8 


0.395 


4.5 


212.1 


Suitable 


Not 
br^cen 


tive 
example 1 


3GX 


2200 


2GK-C3 


500 


Charcoal /water vapor 


73 


18.4 


12.2 


0.663 


11.1 


199.2 


unsuitable 


Not 
broken 


Compara- 
tive 
example 2 


3GX 


2200 


2GK-C3 


500 


Scob/phosphorlc acid 


73 


41.8 


11.5 


0.275 


10.5 


197.5 


Ift) suitable 


Not 
broken 


Ccsaparit- 

tlv© 
exasq>le 3 


3GX 


2200 


2GK-C3 


500 


BltundLnous coal/water 
vapor 


73 


23.3 


. 6.8 


0.292 


12.2 


198.2 


Unsuitable 


Not 
broken 


Coaq^ara.- 

tlve 
exanple 4 


3GX 


2200 


2GK-C3 


500 












15.1 


197.1 


Unsuitable 


Not 
broken 


Con^>ara- 

tlve 
example 5 


3GX 


2200 


2GK-C3 


500 


Coconut shell/carbon 
dioxide gas 


73 


22.0 


13.5 


0.614 


12.8 


198.2 


Unsuitable 


Not 
broken 


Compara- 
tive 
exanple 6 


3GX 


2200 


2GK-C3 


500 


Coconut shell/water 
vapor 


73 


52.0 


15.0 


0.288 


12.3 


199.5 


Unsuitable 


Not 
broken 



Example 5 

The material paper-made In Example 2 was molded Into a 
corrugated shape , whereby a corrugated honeycomb molding with 
a cell density of 120 cpsl was obtained. This corrugated 
honeycomb molding was cut Into a 100mm square with a length 
of 10mm, horizontally attached to a container with an Internal 
size of 100mm square and a length of 300mm so as not to create 
gaps on Its periphery, 5 percent by volume of n-butane was flown 
upward at 100 mL/mln (0.0539 g/mln In terms of n-butane), and 
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the n-butane concentration on the outlet side was measured. 
From the adsorption time until the Inlet side concentration 
reached 10%, an n-butane adsorbing cunount was calculated. In 
addition, the pressure drop was calculated by passing air at 
a linear velocity of im/sec at a normal temperature. The 
strength was judged based on the degree of breakage of the molding 
when It was naturally dropped on a floor made of concrete from 
a height of Im. The results of these are shown In Table 2. 
For evaluation, a n-butane adsorbing amount of Ig or more for 
gasoline vapor generated from an Intake system and pressure 
drop of lOPa or less for minimizing Its Influence on the Intake 
efficiency were set as standards. 
Example 6 

A corrugated honeycomb molding with a cell density of 
120 cpsl similar to that used In Example 5 was cut Into a 100mm 
square with a length of 20mm, and the n-butane adsorbing amount 
and the pressure drop were measured under the same conditions 
as In Example 5. In addition, a drop test was conducted, and 
the results of these are shown In Table 2 . 

Example 7 

A corrugated honeycomb molding with a cell density of 
190 cpsl similar to that used in Example 5 was cut into a 100mm 
square with a length of 10mm, and the n-butane adsorbing amount 
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and pressure drop were measured under the same conditions as 
In Example 5. In addition, a drop test was conducted, and the 
results of these are shown In Table 2. 
Comparative exeunple 7 

An engine air Intake element having an adsorbing layer 
made of the activated carbon 3GX made by KURARAY CHEMICAL CO . , LTD . 
was used. When the amount of use was reduced, the adsorption 
capacity became Insufficient, and when the cunount of use was 
Increased, the pressure drop beceune high. 

Comparative example 8 

As a commercially available ceramic honeycomb activated 
carbon formed by extrusion molding, four of the product name 
KURANICA ACH2-LX52C (74mm vertically X 68mm horizontally X 
10mm height, 300 cpsl) are bonded In parallel by an adhesive, 
and then cut Into a size of 100mm vertically X lOOmmhorlzontally 
with a thread saw, and Its n-butane adsorbing amount and pressure 
drop were measured . In addition , a drop test was also conducted , 
and the results of this are shown In Table 2. 
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[Table 2] 





n-butane 
adsorbing 
amount ( g ) 


pressure 

ClxOp \Mroi) 


Drop test 


Total 


Example 5 


1.35 


4.5 


Not broken 


Excellent 


Example 6 


2.82 


6.2 


Not broken 


Excellent 


Example 7 


1.81 


9.7 


Not broken 


Excellent 


Comparative 
example 7 


3.5 


80.0 


Not broken 


Defective 


Comparative 
example 8 


1.23 


5.1 


Broken 


Defective 


Evaluation 
criteria 


>1.0 


<10.0 


Not broken 





Industrial Applicability 



The invention provides an activated carbon sheet molding 
excellent in adsorption and desorption of organic solvent vapors 
or vapors evaporating from liquid fuel such as gasoline , a method 
for producing the activated carbon sheet molding, and an element 
for a fuel evaporative emission preventing device. The 
activated carbon sheet molding of the invention is preferably- 
molded into a honeycomb shape, and preferably used as a second 
canister in combination with a granular activated carbon. By 
setting the activated carbon sheet molding molded into a 
honeycomb near an air filter for an engine and using it as an 
air intake element , evaporative emission of gasoline vapor from 
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an Intake system can be prevented. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an example of a polygonal honeycomb molding 
obtained by molding an activated carbon sheet molding of the 
invention into a honeycomb with a polygonal structure; 

Fig. 2 is an example of a corrugated honeycomb molding 
obtained by molding the activated carbon sheet molding of the 
invention into a corrugated shape; 

Fig. 3 is a schematic view of a corrugated honeycomb molding 
formed to have a multi-step form; 

Fig. 4 is a conceptual diagram when using the activated 
carbon sheet molding of the invention as a second canister; 
and 

Fig. 5 is a conceptual diagram when using the activated 
carbon sheet molding of the invention as an air intake element . 
Description of Symbols 

1 Canister 

2 Breathable supporter 

3 Separation wall 

4 Purging connect hole 

5 Connect hole on the fuel tank side 

6 Vent hole 

7 Activated carbon excellent in adsorption of 
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high-concentration gasoline 

8 Activated carbon excellent In adsorption of 
low-concentration gasoline 

9 Activated carbon paper molding excellent In adsorption 
of low-concentration gasoline 

10 Air filter 

11 Air Intake manifold 

12 Activated carbon paper molding 

13 Engine room 
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